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(54) Title of Invention: Power Transmission System, Power Transmission Method, and Elec- 

tric Stimulation Device Provided with the Power Transmission System 

(57)Abstract: 

PROBLEM TO BE SOLVED: To transmit power stably without destroying the resonance state 
of a coil even when the distance of transmission and receiver coils fluctuates. 

SOLUTION: This system is provided with a transmitter coil 21 and a receiver coil 11 oppo- 
sitely-disposed with the skin interposed therebetween, a variable capacitor 22 which constitutes a 
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resonant circuit by being connected to the transmitter coil 21, a variable capacitor 12 which con- 
stitutes the resonant circuit by being connected to the receiver coil 11, voltage detection circuits 
23 and 13 for detecting voltage levels in the transmitter coil 21 and the receiver coil 11 respec- 
tively, a capacity control circuit 24 for inputting the voltage level detected in the voltage detec- 
tion circuit 23 and varying the capacity of the variable capacitor 22 so that the detected voltage 
level takes the highest value at all times, and a capacity control circuit 14 for inputting the volt- 
age level detected in the voltage detection circuit 13 and varying the capacity of the variable ca- 
pacitor 12 so that the detected voltage level takes the highest value at all times. 




2 Power transmission circuit 1 Power reception part 
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Scope of Claims 

Claim 1 A power transmission system which inductively transmits power is provided with a 
pair of oppositely-disposed power supply coils wherein one is a transmitter coil and the other is a 
receiver coil, comprises: 

a first variable condenser which is connected to the transmitter coil and which constitutes a 
resonant circuit; 

a second variable condenser which is connected to the receiver coil and which constitutes a 
resonant circuit; 

a first voltage detection means which detects the voltage level in the transmitter coil; 
a second voltage detection means which detects the voltage level in the receiver coil; 
a first capacity control means which inputs the voltage level detected by the first voltage de- 
tection means, varying the capacity of the first variable condenser so that the detected voltage 
level at all times takes its maximum value; 

and a second capacity control means which inputs the voltage level detected by the second 
voltage detection means, varying the capacity of the second variable condenser so that the de- 
tected voltage level at all times takes its maximum value. 

Claim 2 

In the power transmission system recited in Claim 1, 

the first capacity control means performs control so that the resonant circuit comprised of the 
transmitter coil and the first variable condenser resonate to the frequency of the power carrier 
wave; 

and the second capacity control means performs control so that the resonant circuit com- 
prised of the transmitter coil and the second variable condenser resonate to the frequency of the 
power carrier wave. 

Claim 3 

A power transmission system which inductively transmits power is provided with a pair of 
oppositely-disposed power supply coils wherein one is a transmitter coil and the other is a re- 
ceiver coil, comprises: 

a first variable condenser which is connected to the transmitter coil and which constitutes a 
resonant circuit; 

a second variable condenser which is connected to the receiver coil and which constitutes a 
resonant circuit; 

a voltage detection means which detects the voltage level in the transmitter coil; 
and a capacity control means which inputs the voltage level detected by the voltage detection 
means, varying the capacities of the first and second variable condensers, respectively, so that at 
all times they take the highest value of the detected voltage level. 

Claim 4 
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The power transmission system recited in Claim 3 comprises: 

a paired transmitter coil and receiver coil which are oppositely-disposed and which are dif- 
ferent from the aforesaid pair of power supply coils; 

a first condenser which is connected to the transmitter coil and which comprises a first reso- 
nant circuit; 

a second condenser which is connected to the receiver coil and which comprises a second 
resonant circuit; 

a signal transmission means which inputs a control signal which is outputted by the capacity 
control means and supplies this input signal to the first resonant circuit; 

and a signal receiver means which inputs the control signal which is received via the second 
resonant circuit and applets the input control signal to the first variable condenser. 

Claims 5 

An electric stimulation device is provided with any of the power transmission systems recited 
in Claims 1-4 and comprises: 

an electric stimulation means which is implanted with a receiver coil in the body which re- 
ceives power supply by means of the receiver coil and electrically stimulates paralyzed parts of 
the body; 

and a control means which is connected to the receiver coil which controls the supply of 
electric power from outside of the body to the stimulation means and controls the stimulation 
operation. 

Claim 6 

A power transmission method which inductively transmits power between a pair of oppo- 
sitely-this posed power supply coils wherein one is a transmitter coil and the other is a receiver 
coil wherein: 

the voltage levels in the transmitter coil and in the receiver coil are detected and the reso- 
nance states of the transmitter coil and of the receiver coil are at all times controlled so that their 
respective detected voltage levels take the highest values. 

Claim 7 

A power transmission method which inductively transmits power between a pair of oppo- 
sitely-this posed power supply coils wherein one is a transmitter coil and the other is a receiver 
coil wherein: 

the voltage level in the receiver coil is detected and the resonance states of the transmitter 
coil and of the receiver coil are at all times controlled so that their respective detected voltage 
levels take the highest values. 

Claim 8 

The power transmission method recited in Claim 6 or Claim 7 wherein the transmitter coil 
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and the receiver coil are controlled so that they resonate to the frequency of the power carrier 
wave. 

Detailed Description of the Invention 
0001 

Industrial Field of the Invention 

This invention pertains to power transmission systems and power transmission methods 
which use a pair of power supply coils disposed of oppositely which transmit electric energy 
between these coils. More specifically, it pertains to power transmission devices and power 
transmission methods applied to a variety of devices used in therapy and rehabilitation to exter- 
nally control bodily functions by means of electric stimulation, such as the bodily functions 
paralyzed due to stroke, spinal cord injury, and other impairment of the central nervous system. 
What is meant by power transmission here includes the transmission of control signals and the 
like, and is not limited to the transmission of electric power. 

0002 
Prior Art 

Electric stimulation devices using electrical stimulation to treat and rehabilitate paralyzed 
body functions are basically comprised of stimulation devices which are implanted in the body 
which electrically stimulate the paralyzed portions of the body, and the main apparatus which is 
disposed outside of the body and which transmit power and signals and drive the stimulation de- 
vice which is implanted in the body. Known power transmission systems for this kind of elec- 
tric stimulation device wherein electric power and signals are transmitted from the main appara- 
tus to the stimulation device implanted in the body include those using a pair of power supply 
coils which is disposed oppositely to each other with the skin interposed therebetween (for ex- 
ample, they may consist of hollow coils, electromagnetic coils, or the like), and electric power 
and signals are transmitted from a power supply coils outside of the body to the power supply 
coils in the body, thereby transmitting electric power and signals to the stimulation device im- 
planted in the body. One example is the Publication of Unexamined Patent Application 
05-317434, wherein a system provided with a non-contact type power supply coil is disclosed. 

0003 

The system disclosed in this patent publication is provided with a first power supply coil 
which is an electric stimulation device which is also completely implanted in the body, and a 
second power supply coil disposed oppositely and in parallel to the first power supply coil with 
the skin interposed therebetween, and by supplying high frequency power to the second power 
supply coil which is placed outside of the body, the high-frequency power thus supplied is induc- 
tively transmitted to the first power supply coil located in the body, and the power is transformed 
to the desired frequency in the first power supply coil. 
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0004 

Additionally, Publication of Unexamined Patent Application 04-285436 discloses a system 
wherein power is inductively transmitted from an external transmitter coil to a target coil which 
is connected to an implanted capacitance element which is constituted so that resonance coupling 
can be maintained between the coils. 

0005 

Problems Which the Invention Seeks to Resolve 

As outlined above, power transmission is performed inductively in a resonance state between 
coils in power transmission systems which perform power transmission between pairs of power 
supply coils which are oppositely disposed. However, there is the problem in these prior art 
systems in that the resonance parameters of the receiver-site coil are fixed so that, for example, 
the mutual inductance between the coils ends up changing if the distance between the coils 
changes or if the coils shift sideways, with the result that the resonance state of the coils is de- 
stroyed. Consequently, the load circuit of the electric stimulation device or other device which 
is connected to the receiver coil ceases to function. 

0006 

It is therefore an objective of the present invention to provide a power transmission system 
and power transmission method in which power is transmitted stably without destroying the 
resonance state of a coil even when the distance of transmission and receiver coils fluctuates. A 
further objective is to provide an electric stimulation device equipped with this power transmis- 
sion system. 

0007 

Means of Solving the Problems 

To achieve the aforesaid objectives, the first power transmission system of this invention in- 
ductively transmits power is provided with a pair of oppositely-disposed power supply coils 
wherein one is a transmitter coil and the other is a receiver coil, and comprises: A first variable 
condenser which is connected to the transmitter coil and which constitutes a resonant circuit; a 
second variable condenser which is connected to the receiver coil and which constitutes a reso- 
nant circuit; a first voltage detection means which detects the voltage level in the transmitter coil; 
a second voltage detection means which detects the voltage level in the receiver coil; a first ca- 
pacity control means which inputs the voltage level detected by the first voltage detection means, 
varying the capacity of the first variable condenser so that the detected voltage level at all times 
takes its maximum value; and a second capacity control means which inputs the voltage level 
detected by the second voltage detection means, varying the capacity of the second variable 
condenser so that the detected voltage level at all times takes its maximum value. 

0008 
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The second power transmission system of this invention inductively transmits power and is 
provided with a pair of oppositely-disposed power supply coils wherein one is a transmitter coil 
and the other is a receiver coil, comprises: A first variable condenser which is connected to the 
transmitter coil and which constitutes a resonant circuit; a second variable condenser which is 
connected to the receiver coil and which constitutes a resonant circuit; a voltage detection means 
which detects the voltage level in the transmitter coil; and a capacity control means which in- 
puts the voltage level detected by the voltage detection means, varying the capacities of the first 
and second variable condensers, respectively, so that at all times they take the highest value of 
the detected voltage level. 

0009 

In contrast to the above case in which there is a pair of power supply coils, it is also accept- 
able to provide oppositely-disposed transmission and receiver coils; a first condenser constituted 
of a first oscillator circuit which is connected to the transmitter coil; a second condenser consti- 
tuted of a second oscillator circuit which is connected to the receiver coil; a signal transmission 
means which inputs a control signal which is outputted from the capacity control means and sup- 
plies that inputted signal to the first oscillator circuit; and a signal reception means which inputs 
the control signal which has been received via the second oscillator circuit and outputs the input- 
ted control signal to the first variable condenser. 

0010 

The electric stimulation device of this invention is provided with any of the power transmis- 
sion systems recited above and comprises: An electric stimulation means which is implanted 
with a receiver coil in the body which receives power supply by means of the receiver coil and 
electrically stimulates paralyzed parts of the body; and a control means which is connected to the 
receiver coil which controls the supply of electric power from outside of the body to the stimula- 
tion means and controls the stimulation operation. 

0011 

The first power transmission method of the present invention inductively transmits power 
between a pair of oppositely-this posed power supply coils wherein one is a transmitter coil and 
the other is a receiver coil wherein the voltage levels in the transmitter coil and in the receiver 
coil are detected and the resonance states of the transmitter coil and of the receiver coil are at all 
times controlled so that their respective detected voltage levels take the highest values. 

0012 

The second power transmission method of the present invention inductively transmits power 
between a pair of oppositely-this posed power supply coils wherein one is a transmitter coil and 
the other is a receiver coil wherein the voltage level in the receiver coil is detected and the reso- 
nance states of the transmitter coil and of the receiver coil are at all times controlled so that their 
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respective detected voltage levels take the highest values. 

0013 

Operation of the Invention 

The present invention is an oscillator circuit which is constituted of a transmitter coil and a 
first variable condenser, and an oscillator circuit constituted of a receiver coil and a second vari- 
able condenser, so that the oscillation frequencies of each oscillator circuit vary the capacitance 
of the respective variable condensers, thereby facilitating control. Therefore even if, for exam- 
ple, the distance between the transmitter coils fluctuates and the mutual inductance of the trans- 
mitter coils varies, the oscillation states of the oscillator circuits can be controlled in response to 
these variations and power transmission between the transmitter coils can at all times be main- 
tained in its optimal state. 

0014 

Preferred Embodiments of the Invention 

The following descriptions of preferred embodiments of the invention are made with refer- 
ence to the drawings. 

0015 

Embodiment 1 

Figure 1 is a block diagram showing the general configuration of a power transmission sys- 
tem of a first embodiment of this invention. This power transmission system has a power re- 
ception part 1 which he is used in an electric stimulation device to treat and rehabilitate bodily 
functions by means of electric stimulation which is connected to a load circuit 3 (stimulation de- 
vice) which electrically stimulates paralyzed portions of the body, and which is implanted in the 
body along with the load circuit 3; and a power transmission part 2 which transmits electric 
power and signals to the load circuit 3 which is implanted in the body, which is connected to a 
drive circuit 4 (main apparatus) which transmits electric power and signals to the load circuit 3 
which is implanted in the body and which controls stimulation operations, and which is located 
outside of the body along with the drive circuit 4. 

0016 

The power reception part 1 has an LC circuit (resonant circuit) comprised of a receiver coil 
11 to receive electric power supply from outside of the system and a variable condenser 12 
which is connected in parallel thereto; a voltage detection circuit 13 which detects the voltage 
level received by the receiver coil 11; a capacity control circuit 14 which inputs the voltage level 
which has been detected by the voltage detector circuit 13 and varies the capacity of the variable 
condenser 12 so that the highest value of the level of the voltage detected is taken at all times; 
and a rectifier circuit 15 which rectifies the voltage received by the receiver coil 11 from alter- 
nating current to direct current. 
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0017 

The power transmission part 2 has an LC circuit (oscillator circuit) which is comprised of a 
transmitter coil 21 which is disposed in parallel and opposite to the receiver coil 11 which is im- 
planted in the body and which inductively transmits power to the receiver coil 1 1 and a very able 
condenser 22 which is connected in parallel thereto; a voltage detection circuit 23 which detects 
the voltage level transmitted by the transmitter coil 21; and a capacity control circuit 24 which 
inputs the voltage level which is detected by the voltage detection circuit 23 and varies the ca- 
pacity of a variable condenser 22 so that the highest value of the level of the voltage detected is 
taken at all times. 

0018 

Any sort of transmitter and receiver coils 11 and 21 may be used as long as power can be in- 
ductively transmitted between the coils and hollow coils, magnetic coils, among others can be 
used. 

0019 

In the power transmission system constituted as described above, when power is transmitted 
from the drive circuit 4 to the transmitter coil 21 in the power transmission part 2 to drive the 
load circuit 3, power is transmitted inductively from the transmitter coil 21 to the receiver coil 11 
of the power reception part 1 . At this time, if the resonant circuits of the power reception part 1 
and of the power transmission part 2 are in put into a resonant state with the frequency of the 
power carrier wave, almost all of the power which is supplied from the drive circuit 4 is used by 
the load circuit 3 while, if it is not resonating, the power is wasted by the receiver coil 11 of the 
power reception part 1 and by the circuits (voltage regulators) which are connected thereto. 

The power which is received by the receiver coil 1 1 is supplied to the load circuit 3 via the recti- 
fier circuit 15. 

0020 

At this point, the resonant circuits of the power reception part 1 end of the power transmis- 
sion part 2 are in a resonant state with the frequency of the power carrier wave and are in a state 
where the transmission of power is taking place. If the distance between the transmission coil 
21 and the reception coil 11 varies, the mutual inductance of the transmission and reception coils 
varies and as a result the resonance parameters change, as well. When the resonance parame- 
ters change, the voltage level of the power carrier wave becomes smaller and this change in the 
voltage level is detected by the voltage detection circuits 13, 23 in the power reception part 1 and 
power transmission part 2. 

0021 

When the voltage level drops, the capacity of the variable condenser 12 is varied so that the 
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capacity control circuit 14 takes the maximum value of the detected voltage level based on the 
output of the voltage detector circuit 13. Similarly, the capacity of the variable condenser 22 is 
varied so that the capacity control circuit 24 takes the maximum value of the detected voltage 
level based on the output of the voltage detector circuit 23. Therefore, even if the mutual in- 
ductance of the transmitter and receiver coils varies, power transmission can be performed at all 
times in a resonant state with the frequency of the power carrier wave. 

0022 

Therefore, in the power transmission system of this embodiment the detection of transmis- 
sion voltage and reception voltage is performed by the voltage detection part provided in the 
transmission part and reception part, respectively, and is constituted so that the capacity of the 
condensers in the resonant circuits of the transmission part and reception part are automatically 
corrected so as to maintain a resonant state so that power transmission is performed in an optimal 
state. 

0023 

Although the foregoing description cites an example in which a device is applied to the ex- 
ternal control of bodily functions, the present invention is not limited to thereto, and may be ap- 
plied to any device which facilitates power supply wherein an oppositely-disposed pair of power 
supply coils is used and electrical energy is inductively transmitted. 

0024 

Embodiment 2 

Although the first embodiment described above is constituted so that the transmission and 
reception parts are independent of each other and the resonant states of the transmission and re- 
ception coils are controlled, the voltage level of the reception coil may be detected and the reso- 
nant state of the reception coil may be controlled on the basis of these detection results. 

0025 

Figure 2 is a block diagram showing the general configuration of a second embodiment of 
the power transmission system of this invention. In the drawing, the same callout numbers are 
used as those in the constitution of the first embodiment shown in Figure 1. 

0026 

In the power transmission system of this embodiment, the voltage detection circuit 23 and 
capacity control circuit 24 on the power transmission part 2-side of the first embodiment de- 
scribed above are eliminated, and the capacity control circuit 14 on the power reception part 
1-side controls the respective capacities of the variable condensers 12 and 22 on the basis of the 
voltage levels detected by the voltage detection circuit 13. Therefore, in this constitution, a 
resonant circuit comprised of a transmission coil 17 and a condenser 18 and a resonating feed- 
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back signal transmission circuit 19 as a feedback signal (control signal to control the capacity of 
the variable condenser 22 on the power transmission part 2-side), are provided on the power re- 
ception part 1 side, while a reception coil 27 disposed parallel and opposite to the transmission 
coil 17 and a feedback signal reception circuit 29 which receives the feedback signals transmitted 
from the capacity control circuit 14 which receives signals from the reception coil 27 and outputs 
these received signals as control signals to the variable condenser 22 are provided on the power 
transmission 2-side. 

0027 

In the power transmission system constituted as above, when power is supplied from the 
drive circuit 4 to the transmission coil 21 in the power transmission part 2 to drive the load cir- 
cuit 3, power is inductively transmitted from the transmission coil 21 to the reception coil 11 in 
the power reception part 1, as in the first embodiment. 

0028 

At this point, the resonant circuits in the power reception part 1 and in the power transmis- 
sion part 2 are put into a resonance state according to the frequency of the power carrier wave, 
and power transmission is performed. When the distance 1 [sic] between the transmission coil 
21 and the reception coil 11 varies, the mutual inductance between the transmission and recep- 
tion coils changes and as a result, the resonance parameters change. When the resonance pa- 
rameters change, the voltage level of the power carrier wave becomes smaller and this change in 
the voltage level is detected by the voltage detection circuit 13 in the power reception part 1. 

0029 

When the voltage level drops, the capacity of the variable condenser 12 is varied so that the 
capacity control circuit 14 takes the maximum value of the detected voltage level based on the 
output of the voltage detector circuit 13 and at the same time, a feedback signal in order to vary 
the capacity of the variable condenser 22 is transmitted to the feedback signal transmission cir- 
cuit 19. The feedback signal transmission circuit 19 which has received the feedback signal 
modulates this feedback signal to the desired frequency and transmits [the feedback signal] to the 
feedback signal reception circuit 29 via the resonant circuits. The feedback signal reception 
circuit 29 modulates the modulated signal that has been received and outputs this signal as a 
control signal to the variable condenser 22. In this way, the variable condenser 22 is controlled 
by the capacity control circuit 14 in the power reception part 1. 

0030 

As outlined above, the capacity control circuit 14 on the power reception part 1-side varies 
the capacity of the variable condensers 12, 22 so that they take the highest value of the detected 
voltage levels based on the voltage levels that have been detected by the voltage detection circuit 
13. Therefore, even if the mutual inductance of the transmission and reception coils 11, 21 
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should vary power transmission at all times can take place in a resonant state according to the 
frequency of the power carrier wave. 

0031 

In this embodiment, although signal transmission in the transmission coil 17 and reception 
coil 27 is performed according to the same principle as the inductive power transmission that 
takes place between the transmission coil 21 and the reception coil 11, transmission and recep- 
tion coils 17, 27 and the condensers 18, 28 to which they are connected have preset capacities 
according to the modulated frequency. Since the resonant parameters in this kind of feedback 
system are fixed, it is anticipated that the voltage level up for the feedback signal which is re- 
ceived will vary when the distance between the transmission and reception coils 17, 27 changes, 
but this is not a problem because this variation does not directly affect the supply of electric 
power to the stimulation device. Moreover, since the part which receives the feedback signal is 
provided on the main unit-side which is located outside of the body, an amplifier circuit or the 
like can be added thereby avoiding variations in the voltage of the feedback signal. 

0032 

Effect of the Invention 

The invention constituted as described above has the effect of permitting the stable transmis- 
sion of electric power without destroying the resonant state of the coil, it even when the distance 
between the transmission and reception coils varies, because the resonant state of the coil is con- 
trolled according to changes in the mutual inductance of the transmission and reception coils. 

0033 

The effect of the invention wherein the voltage level is detected in the reception coil and in 
which the resonant state of the transmission and reception coils is controlled so that the highest 
level of the voltage level is taken at all times is that the reception coil can resonate more reliably 
according to the frequency of the power carrier wave and a more stable transmission of power 
can be performed. 

0034 

Electric stimulation devices provided with the power transmission system of the present in- 
vention permits the stable supply of electric power to the stimulation device which is implanted 
in the body, thereby avoiding the problem of the prior art in which the reception of voltage in the 
reception-side coil decreases and the load circuit of the electric stimulation device and the like 
ceases to function, thereby providing an electric stimulation device with a high degree of reli- 
ability. 

Brief Description of the Drawings 

Figure 1 Block diagram showing the general constitution of a first embodiment of the power 
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Figure 2 
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Fig. 1 



transmission system of the invention 

Block diagram showing the general constitution of a second embodiment of the 
power transmission system of the invention 



Power reception part 
Power transmission part 
Load circuit 
Drive circuit 
Reception coil 
Variable condenser 
Voltage detection circuit 
Capacity control circuit 
Rectifier circuit 
Transmission coil 
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Feedback signal transmission circuit 
Feedback signal reception circuit 
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Fig. 2 



Outside the body Inside the body 




Reception coil Transmission 



coil 



Alex Kent/¥¥GRFS14¥GRJDrive¥gr¥IP¥Fulton lnnovations¥T Project Prior Art Presentation¥Trans JP11188113.doc 










(19) BaWWSfFJt (JP) 



«2> & m tMt & « (a) 



(lDftfFfflig&Pl## 



#iH|^ll -155245 

(43) 'AM 0 ¥*£11 ¥0999) 6H80 



(51) Int.Cl. 6 


§&«©!§ 


F I 




H 0 2 J 17/00 




H 0 2 J 17/00 B 


86 0L 5/00 




360L 


5/00 B 






^2$W^ 


W;fc»®Sc6 OL (± 9 H) 


(2D 


^FK¥9 -321806 


(71) tO* A 


000002059 


CZSOtfUMB 


¥*£ 9 ¥(1997) 11 £210 


( 7?mwm 


*KiKEAK*^-t:Te 2 #14# 

mm m 

H*»#^mt5r^#siTioosfi!! nm&m 






(74) m A 


#*± jEA W1145) 



(54) i 

(57) 

tis®] 

mwcojtMmwimz^K x -5 [zm^mx^o^oyom 

0 o 

[Mfii i «± . mmmmmzm't&At) 

a^zM-rs^x i <mnm. 9 . 

efflO'7^iug-&3(±. i<mm%9iztni-z>itit>m ; 8iii 
xx/^mm&^xtiimtL. cii^mwp^ki-x 
x o (;»?*& i o 

A V9' 9 9 yxii®l 6 (i . 1 &!£miS 9 § 

*u mmmn-izMxz i ;m«n 9 ±iXxA yy~9 9 y 

zlx. $«fw§«[iis&5{de i& 

teTO9;6»<btt*j££{t5S*iSi*l 0 a— 1 0n(*|» 

ft* fc fcffln V 9 0E& 3 iz X *) 

>f yy99y^mm 
mi 6 (-«&¥■& &.m- h . 









( 2 ) 



11-155245 



mmmemm] 

[MM l ] l TO 

mmt, 

fri a i ft & x £ a* 

u f&tj b x t 

te1^TOB»£5B®TOR £ ffi&r Lfu iESJiJiSmilco 
« y ? m%t . 

UIE 1 y7"77 yx 

«&*»$-* f y/t f yxtimji&i: , 
tuisE 1 £> i. Jj b ft To § A. -5< fi. m y) It® J5] tfe 

i: IfflEfifflo y ? Uli&fciS ftmftft h tf>l£ £:£*>. 
A com I#**J5f^KHfc:ft S «£ t fclJIE t y7'77 yx 
ms@s^vM wt-^t £ & *ij y £i® 

aaa 1 i &ttm« 
?HSill» 

[MM2] mszx yy^yyxmmmm, 
fri a i imnmztt l a mm izmm zti&^Bsvr? h 
ivzmt, tifiEM wa-^fciE LxtkmMikiknx yy'7 
7 yxmzmM-t & a t £#afcf*MfM i tiettco 
1 ftteTOTOTO. 

[ mm 3 ] tfrist yy’7 7 vxiigsms-gfi , 
itria i immmzm txmmizmm^n^ i m±co u r 

wie#yr? b/t-fcttfr^j^fSStS^x-t 7tt 
Srfix.. 

mriafiJWf'^-fitct'CHtrlEx-t v t-yi^ty, X7b tt t 
A fc t «t 0 ^ * >\Xft £ iB0T$- § A 

t znmt-t&imm 1 fciettc^sM^tefctts i 
ttteTOTOSgS. 

[ sh A-O f 4 ] 1 A -S E&ilS 

mriE i immmztj ft § m*®^ «t akswe $■ a* 
m#fc l , 1 1 

fciffia*}®0S-&fc^Hjfta^tt^tttria®Jii}ft®jSco 
jsaafcfciHW-* titfiu - y y m%t . 

H'JsE 1 A ilf-n W.W.yzW'7) A A’ ) '? A 7 ffi$T 

IfflE 1 

t tfriasffin ■/ 7 husk x h xtmmM bombmx. 
X7)^iM^i) i PJx/£.VBM(iZfoZ> X 7 f A|ffiE A -W f J A 7 MM 

«*£-r s ®j ffl{m±f& sk tzmxtz 
a t & w®.c -tz mmttmztenz, 1 wtomamssm 
s» 

[MM5] 

uie i immmtzmiiztm^ti^smziy^fy-frim 

mstth x t imsLt-t-z mM4 izMwxmmram 

IZBIXZ, l&^tti!l«j®g«„ 

[ MM 6 ] IilEA -r j*is ^ISfi0g&(i . 

IfflE 1 <5c»S«Kfc^LTM?!lt«BH!S#iS 1 iiLtcoxy 



^r'y-fb , 

h&ie# 3 yfyt fctt Lxmmizimz titzx x -y a t 

zmi. 

mmmmmzifctxmixx vi-co^y. ^ 7^7 

ztizx 

mmb'tt MM4 tzmmxmm^mzti ft & 1 <m 
WIMiS^Mo 

[0001] 

immmt&miftmi *mi ft. iaaft®»^L 

t. <7)T"S) -S o 
[0002] 

u;m<zjtmn nnzmi&'t&im 1 mzmmzmm<& 
mfi.£m,-tb , 2 

imm* 1 }mmmiz& i. a 3t±x?-> b BMmzm 
szti, wi±mmzti& . ;c7)jEa2rfijfflLT. ijk 
2 A ’ t 

sswMfc^. 01 oft. ^w#M^*fctsfti. 1 <m 
mmwMMWx>-m$.m ^ a l * ha* s . a <x>m.w 

ft. SM0S^1 t. firffln«y^0»l 
Ltv^*. r;?. *ii0S^i(t. aigiftt 
fciOffifiScStt. ffiffln‘y^0»3^^#iSfM6S 
mm f AKH A t.Afl^tfc* Av ‘ A 

l<J3&WR9t=SiS«1K«S«|ft'r4. ffiffln-y 

^ raw 3 (i . 1 '&Mmm 9 tij ft s ai*«aij t <t'tts 
®±^ A^fl^y L , 

-rs j: o izwmmz 1 -sn^asaa: f £&sr$- 

li. A AAA AtJ§fx§tfftl*^ftAL-^b ■ 15VX 

)fffyyt;l- ltyx7t- ^Sfcj; <9«iajS^. 
2L(7)X 7 Wuffin "/ 7 0 S &3 A'ffiffl^'— IW'-S J: o izxn 
'v7't&cr>a, im&wmbimfmmizx9wx>&%. 
if&%mmw.i oa -10 nmxxzt&x yy~7yyx 
L 1 • - L n jo X If * ^ ^ y 7 c t> >t> & M #M 7) L C & 

Mmm.mxfc&n^Mf izmm ixmmmmxjo 

tznb A* 0 , fl:A#^A)S&^$r0±$lt-?.AAOA*-l) „ 
ijja&«ift9ii^^BS»0B'c*>), xyy '77 
yxtfftjfiLX^&fiX A^tSrHl 0ttjV»A. ifM&yj 
m^mmizx yy"77 yxL i^LnbixM*PLxm 
*>LA^4. hA^»A\ «Acof*^^gft-S.gm^Bl 
0a-10nJ:LAIi, 

l&j&m 

»9J4, AcODiiBfciJ&oriftB^^SAfcK^S. ^r 
ti. SBSBl 0a-10 nrtfclgft-l. 2}^^fi. * 
mmX)$:folf$>fztblzitM\M}8&b%:^Xi^« ttz, 
Mm%<7)M$tzffimz^-&tzibi t Z' ■mz7 Z ommmm 
»{41ISi:!S:oAV^. 

[0003] 

[ t «t 0 b -t § iHSi ] bX7>X\ mk&c9M 
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l fzmmyx^ Aft 

wni. (S«§§M> imtl ■ #it£firAov. t 

&i>, dumaa ft a s s ±§-6 - & a 
s» 204 oizMmmvmi ■ ffit. o 

l M'aWSMx 1 y^^^yxL^MtS. AAA 
ft, Hi 0AAA4 y/?^yxLi- Lncoffi^it: 
U A^ISIIJITiffftSf A 

«/;». f,ti 9 

wft® f t aaa, a<a 

s . AAftft. 0 1 1 a^a 4 3 a 1 

ft® f AM<tcftft®JilM f 0 k AftftAAft S A 
k\ f Sf * 1 . . ^LX.m 

iHJftAft V ^T'4M? k AS ^'HHA Sr^S AiAco JUSffft® 
f (7)mw f 0 ±Af AOAftT Lt 5 k , ifjimcftjltr 

AAPtAAtT 1 1 3 1 v > 3 raffia a t s . 2 nmmz 
«aa s xmz , f 0 s- ftwft® 

f A*>*yfr$fctf>A. M ,t If MB£#ffg (7) A-w n°A 7 

fiffc-frr i> 4 V AA JIB£*r t Cl <ft« 
AO, 

[0004] A3MA2 04 3 
iOT, JlTSffft®f £M«L, S«^B^)ft®M^f 
0 AAA< 4 3 lifc^*8^0l&5^*^fc<9£il®£A 
sit t, 3®n® Aft as mjjmmzmmmzfrz. s 

AKMMAAftAS l A&WMttiiliM £ flf* A S 2 k 
£SWi:AS. 

[00 0 5] 

[fSM£»i*ASA^oA®] ±iESM£iifi£ASAa6 

a, *$pm 3 hmim 1 AiEteoiMA, 1 immm. 

Affiffl»^fc«jteAS«BIII»i: - fufE 1 83&®RA 
&i-?&iiiJi*mt3£xf&Em)£*A3]m*}b u isai* 
«SEfc ft®tt±Ofiffl;!A-gcAS «fc 3 AmffEWlSEIE&A 
M®JS$»[*S6 1 0ulE«JH«^a^^lBa^S 
luiE i <mmmzwm2ta&m&± 
tfcCD4 y-f9 9yxMMS 

»fc , mflE 1 

S«dR k frlEfiffln »/ 9 Bft A 4 Sf£®ffli&it t OMA 
aa. 2 e)mt°imikm8\{~fo s 4 a At5iE4 >aa 
? > £ imx s »»ii aaj& 0 E§ 

t £5SAA2 t titJ;t§^a4!feftl3(tS 1 »3& 
msH*BTAS„ 4 A, IfA^AIEtSolMA, 
if aim 1 Aistto#»M&fl;AftAs 1 
BAft v ^T , huIE4 y-9' 9 9 XXWt&M&s-fr^ I51E 1 <3: 
*6®RA#LTifi^JAgHS£;fi£ 0^0 T y 7 hAAll 
x. , rnMmmm^izmtxnm^i^cok yy? 9 yx 
mzmm-t&ztzwtik tur^s. 4 a, if aim 3 a 

. miEi yr ^ ^ yxiigsm 
¥&//*. hie 1 m&m^zni x\g.mzmmktiz> uy.± 
« u r ^ t . wiE# u r ^ h/nc>4 tTMMcsa* 

ktixxk ■yxt^mx. wnsamm^-tzjstxmmx 



4'ybio^y. xxziToxkizzo&wm^iktDky 
y‘??yxm£3Bti-&zt£ffl&k lX^i>. 
[ooo6i»:, if 4<iS4 niEa^%0^« . 1 <mm 
JIU—niiJWliiJi ’BoiiS.' (ft In X S®iS0fi&t . h'JbE 1 <3Sn®ii8 
t*i{tSffi*tt^ctt/ft®«E^A3lfi-^t L. Sffi 
ft«Mtft®BJ±cOfiffi^-grf-S «t 5 tMIEmMHIfg 
LMIESJWIlS«}tcoJiliSife^l)S»-r 
sfifflu y ?®it, itriE 1 imnmizim $ iiif mis 
^#;OAf^^”A3 ? li2riigS'ftS^-v^°^3 ; ’|)sl®0S&t , 
0'JnE 1 (ATa^fcfc3 1 0'$4j S'tftff-a kick ft WiJft®J3i!>C®t 
t itriEfiffln - y ^ m^zx^>mmmmkk^^b>. 

4 5 fcBiE^r-W^r^ilSfi 
«»■ th ®JMf ^MUIES k *Mtfz 
2 1 1 if® t -r s 1:^43 it s 1 

m.xhh, tx, imw.5 msanziz 
ie m^mtmmiztufz, 1 
x. mtt y>yy9t)mmu>k tiss 1 '<mm®Azm\ 
ASM S ft S ft'it -jyf>tt (i /: . mflE©J WHi^-fciB 
tx&m^fa^^^yfmzmM-t&z t wt 
LT^S, lf5RJ16tlE«Jc0^9J[i:, If4<il4t 

T. MsE^ A* > yy-9 . tffllE 1 » 3 &WRfc:M U 

xmnzmmzti&iizbnziy^yirk. mis #ay 
?yy(,zftLXW3ltzmM£tifzX'f "/l~k SrfSi.. 15 
IS®JWfi-f-^JtEtTH5IEX4 yfo^y, 4"7tlf3 2 
k izi. K)1&nW&fk(?>* J r''Sy9i&$:mM't & 2 k £5# 
mk LT^So 
[0007] 

immmmmm] wt. ®t=ts 

#ifi!!i!t&'S'2ft(ts i ^mires^® 1 0® t t 

TIMAS . 

(muvmmmm) 01 it. *mm-mmmtz 4 

£#89ttte*fcisttS l ■y 70 

T'S>S„ 014 0 2coJ§B(4. *i®0E# 1 t , fiffln •/ 
9 0E# 3 k . 5 t . Ayy?9 yxm 

mm%6k £A%4lJ&gSt LTUS, 2 2 X\ m^0 
Km±, v?m % 3 t ^mas 

7zkl{M^(zMX i/ A mMWn'MvXztbi?) 1 'A^WM.9 
( 0ln£>V ^X Av^IST/T'A ) ti®MiS®lltS'tt$aAS i> 
<X>X\ ImffllfeJ yb— 9^1/Zj; Offi^§tLS„ {iffln'y 

?m&3i±, i 9 Aft a s tfj ftm^ift 4 Aft® 

tt±^ AAfi-^- 1 1 . 2 oai k ft®«JiA4ifflA 
^AS 4 3 iznmmz 1 A«*f Asmsjam f ^IIS 
SASo A^rftft. 1 <33nfMRAft AS fti^T S 4 A 
A 7 7 yx<ft^fEA4 S L C ft®MfeaTrA(Lic?Ef;e t 
T®'ii0@& 1 A 4 Stffltt^SIAS . 2 2 X\ A 
AStlSmAW^A^Ayh ■ 13yX7t-7fOl 
aaftm2A«fc9#WJ3*u ft®*ffi4AA>A^;t^- 
b7777t-78iAJ:0«fti§tU.. 2 <714 3 AG 
ffin'y9m&3 Tfiffi^'-BcAS 4 3 An •/ ?■ AS c9 
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(4. i immmtnmfmmzx 

W.1 0 a~ 1 On®t'4tS-ly^^y^Ll-Ln 

43 4 A A A -O A A C A b * § ft ?!$f[l!j<D L C it®MiSSS[ 

<ot tw&) izmmLxmttimmz'fT 

otztbXfoh o A*Ab>. i<95HIIftfc:J:0«*llI»lfc 
mfy,<n?mmm%fm wim f 4 -sws 4 7 c: 

*43. li)3&«K9li^®RlllJft , Cfc 
0. 4 y/??y74^Ltt'S^\ C4t*0ic:43 
v ’>T . f#.EScDjr^«TC:4 y^^yxLi-Lntt 
'TJfc^L't^bbLTO&o 

[0 0 08] £fz, 4AA'A AAXt)Sg[DES6(4. 1& 
»n 9 KSSKSfl. Sl|Wt^fiE0S-& 5 AbcDf&IJWI 
-^t/zm-3% i d$&v$i9 ±wx>4 
■th. -t it, MfflHi^Rni» 5(s, i <mwm 9 a 

1 0 a~l 0 nR(Cg£(tb 

tifz^M^mz^&^Mmmk f 0 . -r*Ab> i 
TOR9 A£**£fl^3^ftW0)ftM^^ o t . 
tiffin V A IDES 3 (c 4 0 s futSHSMftR ftoi 

zxwmt t , c cd a* § tL?zmmm.mmizfo § 4 
7 (A 4 A A A A AXtlfKIDES 6 (cffi^A^*i)f0fS^TSr 
*&&&&. *43. c<d^ ( f 0 -f ) (4. «J£®ES4t= 
fc^-caotsfL*. f*Ab>. aiciUBMtc 
tin?. umnmmmmMizxo. mmmxxj>mi&5 

i^oSMfCS-^ot , 4 y/^ A 

tz&xxx aaa AAxApK^tu ^msai o a— 

1 0 nl/ZX 9&t2>4 y^^VXLl-Ln, 4 A A' A 

a v^rnmn 6 tah aa"a a ax43 aai 

(IJcD^r A C ft.WftSS f A. S«igE 
110 a~l 0 n cD4LI§Jl|jftife f o SrtffiCX LADtSiSe 
H l*I(c*-?>4 7(cis|fi£4i§» *43. iilTA(i«*cD« 
il£trS(t&®B;il®l 0 a— 1 0 nt Lt. &bAttf> 

1 ifc 

ffimm 9 (4 d CDtUtt^-D T f£S £ iVCV ' & b CD t X 
&„ J StSll 0 a-1 0 nMIS 2SSSS 
(4. P^*4j£*(f£*tf>fc^lDESb*7>T43 9. % 
f o ttSSTC* & b CD 4 -A & . 

[ 0009 ] mz, zxmmWaniztiifz i %&iuhi 
«a®ae*»jaw*#®Ktcov^ 4 opfflciiffij-r 
£„ 02(4. tiffin -y A @£&3<Dffij£cDH?iJ£3SLAb 
Of* <3. t£ffiJtiRS3 1. 7 0^32, VCO (Vo 
ltage Controlled OscH lator:lEH:$W4&faf5) 3 3(1 
4 9fffi£$4L&o CcOlDESteltb^Aji-X'- o-y.? 

■ /P — A° (Phase Lock Loop : P L L ) (C^-o T So *9 . 

it* 

^Olnv^tDPLLffcS. LARA tiffin >y A ID 
*}3^««fiffi*3 1, 71/^32, VCO 
3 3to^T«#fcitW'rs. 03(4. tiffin -y A ®K 
3 tij{tstiffiit*!i5H3 1 comftzmw-t&fzfrnwv 
fo&t, *43. 03 (a) (b) (A m-m*SH*if][IF 

»2tio«iajs#uta]*«a[. 4340 *. xxyy^x 



- 15777t- v8(:4 9^ffi$*iAftiSttfficD^ 
T$>h. 03 (a) tc5vraj*«a[<oajg(i. tiffiit® 
S3 1 RAAieLu S^l^Pfc 
i3(c) cd 4 5 xmwmwm caa 0 03 ( b ) t 

AAAigailcD^ b , ®«fctiffin >y A IDES 3 (c A* 
$ A C/L 4 l, X/LcDltfR/4T44'l0 3 ( d ) CD J: 

5 AmAi*ffAA#OAA , ALT, fifflJMK»3 ltefc 
OT, 03 (c)t (d) ^-tXo^^tifzimX) 
mmwmift hti, 03 (e) izm-x^^w^m 
n*%h' -f-LT. %^ivfz;9VXim, 't*c&t>2'3 
nxt>m^<v{mmzttm-t&xo%:n&$:mkL. y 
v^3 2(;ftm. y^)V9 3 2X4i, i&mwi&y 
4JU?mtZ*)mi&tl. tiffitt*MB3 l^bcDd-^cDS 
i: i; btc. 7i-X ■ n y ^ • ;b— 
A(;fe(t-g>|sItj!tttt^je^!Rf'l4^^£A-g. 0 VCO 3 
3(i^ffi«(cJ: 9 »j£3*u 7dW 3 2^bcDM» 

VJ.1.1ZX OG 

ffln ■/ ^ iuE& 3 xu, i '<mm& 9 (cfctt-g. 

L, i<r)a]*«a[i:ft«mE 
RfifflA -IXAC. J: 7 (crniUHE^ 1 tzM mmk f vffl 

^ t ®M)»dicDM^ife^ mm- 1 . 

[0010] iRH«i®»3fc:-OV^'CKBW-S. 04 
(4. 1#}®0Eil 3 7)1 Sl£ £ 7K L Aip^teM0VA) „ 0te 
itL 7 (c«i®[UE§ 1 (±, ®Jf®0E-& 11, t-Rxi-l 
2 , K 54 AIDES 1 3 , Wdm4 yrt—9 1 4 (cj; D(S 
Jx!c$ix^. $ijf® IDES 1 1(4. fiffin'y^[DES3ACcD|| 
ISMfM^a, coin AR SORT. VA 
'JX^ 1 2 7) A— 1- / xC7jf=AA 4 U : , y>uy 

14JF7'f7'tl.F7L AIDES 1 3 A<ofiA^^fi!cA 
h„ *43. tS’JX^l 2^cDfiA(c4 ^7tv— §(JfSP£ 
ff v A R1 AIDES 1 3 'vcofiAAJ; OPL LMOT^Lt 
7 i h \,zt£ h . A4 9 X ^ 1 2 (4 3 fflcD^^b . $ijf® 
IDES 1 1 A 0 A— 1- IZMX 041& ff ACAG 1 4:7 1 v-cd 
F 5 4 AIDES 1 3(4. IUMIDES1 3 A 
C coflAACE CT®iSi4 V'-7 1 4 Sr F54 AAI> 
A^cDflA b-OlAL , C cDflAA 4 9 , A7 <- 

s 7 1 K4. imm f A©jwL.fettLi $■ i m&w& 9 izm l 
rai4]AS 0 ^43. CCT14. *i®IDESl b LT. «SI£ 
ffl-t xA-^fRAcMSrALAA. «EM4 A^s'-^ 
Ab IDPA C t AAt^A* S . 

[0011] ®JfflHlA^R®S&5t4. M»i®E&4(:430 
A«^§4LAg^g 1 0 a— 1 0 ntfcft&ftiSSift 
» f 0 4 fiffin y A IDES 3 T"A/e $ ixtz miimB, f 4 
CD^£ A9!fI-?A L . CcDUAAT^IIHh^S 4 7 (A 

4 AAA A AX IDS IDES 6 Al®S $ AA 4 A A" A A AX 
CiAcD0r^*EH(4. 011C 
SA4 7 X . 1 0 a— 1 0 n Ast® 4 *-S>4I'S 

H* A# CAR. ftpftffi:- f cDlffiffl X . 

-A f < ( f 0 - f)<Af 

cDiESI b L < (4 C At 4 9 b $EV ^iEH' Xfo h b CD 4 XZ > , 
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KB. m ( f o - f ) 

^M^Xfo-oX. 4z<X>&^'T : y4 XcOi§-£\ 'tKbfoff. 
Mf5\i>k£i f o AAA' At? v rfw’ni/Zii. . KwAJffi f K _LFF 
S Aft hz 1 'A^MWllzBlfb ftfflfWtfM y?7 ?yxr 
Ttf & Mwi^ir -f y ^ 9 yymmmz 6 izn l x m 
fi'tb* -k. ±.j£commnT$>-ox , jjjzti&m* 
*mmm=i/ { 2 x (c • l 
x-fob* x^x. zco^KnmLx. 

5 ix. 4 y^7 ? yww&m&ms.'t b * 

[ 0012 ] 6 officii 

£125. 06^-t. H5{±. 4 yr?r?>\Xi!ffi[!]g& 
6CijOt, ^'JT? 

•tar**. mizb^^x. WKe um&'JTrbJV-c 
fob* ZCD4 y7'7foyxMMIM}$&7lZ&\ / 'X, SIJW0 
s#6 2 ji(M«Ht#*isiii» 5 frBcDmmmmzmKz . 
“T^'J r? fa 6 i <x>4 yy'fofoyym<z>ms.Kffo * 
KB. h/ls 6 1JA liSCtemMUCttLAitai 

CSSRSftS. 

bzt x. i imwMizBit b nmieonm#m t Km 
a < mm-tb z t &wm tKb* 

[0 0 13] H6 ti. 4 yy7?yxMM\°\$&6t,z&\,^ 
X. flrf63a-6 3n(CSti5CJ7?hA'i:^ 
■vKtKmizLfzL cvmmmzmm LfzLcoKmmL 
tz^c'MfcK^-fmx-fob* zcr>4 y'?fofoyxm&. 

m% 6 IZB^X . fMfflW 6 4 5 A 

#>jt? vMz&nzmfc^i-L 
tzx4 v+ffiiry • my?? 

9y7.\mwmKff o * KB. Z<D XoKm&LXfX. l 
r/MiemzBBb Miots*® f * gaewt l*« 
a-c# *y./A 5 cc^ tfbmwmK?) 

y&m&Cf* . ©JWf^)j!t[lIgS 5 izBlfb 

%mk mtytztif^mizKb* kb. muzb^x. 

5 izixmmmLfiyifx.fi. i &&« 
*9 AS>*rt £«i£3;h.5 f ohfiffl 

a >y ? ®fi&3 tc «t f t £AAft^>: L . M 

wi-^bsw saaat, i ommmmz f 0 tmm 
mm± f t con^sft . z nrnn^tm&mwizfo & x 

o *>« 

fcfCfciVA 2b5ft«L MWi-^iK0»5{i«JHlF 
»4 £-&tf fc tttl <W&Wfc9 

nmco^mm am f 0 s fait lx b o . tiaan ■■/ ? mss 
3t.j:siasffl«aRf tKxxsm-^t Lxzcoxmmm. 
mf a t m&mwM ftoMt*. ; 
kh t * b x o tzK -y ^°y 9 isshm 7 s\mmm^K 
iM^-tbLcot LXL iv^ 

[0014] JJLh^«fc 3 (A 1 »3& 

mmmm^mizB ^x . i 9 test i-ns^j 

^§^S4^7’A^>'Xi)l|a[I]fi^6i:, StSSlOa 
-1 0 n|*JCOitffi[ElfiStCj3(t^*SJWIiSi5[f o Hiffltt 
■y 7 0S« 3(c4 9 AfcWfli® f t yj^AF/fA 



^4 4-x(z>^. 'tKBB^mmmt 1 0 
igrSMi. KTifbfz^znmmX y ¥9 

9 yxK±ifb$ mm^-KX yfo'7 7 yymm.m%b< / z 
MLxxti'tb* tzbx\ xyyfofoyy 
37c> A®jsM t cornim . 

1/2} . . ■ ( 1 ) 

mm izKb x otz. 4 y?? ? yymmmmzim-tb 
mwm^K^m-bMfflm^fizmz stzzuz is 
if. ISftlitSMW^ 

( ) <r>MkKmf ■ f¥±iz XKlfztfo 1 

izBifb3.mm<z>4y¥7 9yxt>^-otzh lxl. n 
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